Several compounds closely related to choline and of the structure CHoX-CHo-N+ (CH3)3 * Cl-are active as plant growth substances when X is a Cl, Br, or = CH2 group (14) . Treated plants develop thicker stems, shorter internodes, and intensely dark green leaves (7, 16, 17) . The growth changes simulate those caused by exposure of plants to high light intensities, a short photoperiod, and low temperatures. They are opposite to, and more persistent than, those induced by gibberellin. With many plants a stepwise suppression in vegetative extension is possible. Slight, but significant increases in dry matter accumulation occur with tomato plants grown in solution cultures of 10-7 M 2-chloroethyl trimethylammonium chloride (17) . Increasing amounts of the chemical cause corresponding reductions in vegetative extension. A consistent acceleration of flowering by tomato plants, however, is obtained over a rather wide range of concentrations which shorten stem length when applied to the root medium. This response is unlike that reported for any other plant growth substance.
These unique growth modifying characteristics, the marked specificity of structure for biological activity (14, 15) , and the mutually antagonistic effects on vegetative overgrowth from applied gibberellin, suggested the need for further study on several well defined biological systems that respond to gibberellin or auxin. The gibberellins have now been established as naturally occurring plant hormones. Thus, any biochemical explanation of growth and flowering must involve both gibberellin andl auxin. The modifying influences of 2-chloroethyl trimethylammonium chloride and related compounds on some classical auxin and gibberellin responses constitute the subject of this report.
MATERIALS AND METHODS CHEMICALS: The compounds used in these studies consisted of 2-chloroethyl trimethylammonium chloride, 2-bromoethyl trimethylammonium bromide, allyl trimethylammonium chloride, and 2-chloroallyl 1 Received for publication April 11, 1950. 2Journal Article No. 2610 of the Michigan Agricultural Experiment Station. trimethylammonium chloride. These were synthesized according to methods previously outlined (14) . They were selected as the more active of the many compounds which have thus far been bioassayed. The energy emitted primarily in the 6,500 to 6,600 A region was used. High energies of irradiances were obtained from a red coated incandescent lamp. Exposures of the seeds to red light were initiated 10 minutes after the seeds were placed in contact with the various solutions.
The procedure for growing and sectioning Avena coleoptiles was that described by Leopold (6) . Coleoptiles 2 to 3 cm in length were selected and a 5 mm section cut 3 mm below the tip. The sections, with the leaf enclosed, were floated five to a dish in 20 ml of the test solutions which contained, in addition to the chemical to be tested, a phosphate-citrate buffer (pH 5.0) and 3 % sucrose (13 Promotion of parthenocarpic fruit growth of the tomato was determined by Luckwill's procedure (9) . Three flowers of the first cluster were emasculated just prior to anthesis and 0.01 ml of the respective solutions was applied directly to the ovary. Three single plant replicates comprised each treatment. Ovary diameters were measured after 12 days.
STATISTICAL: F tests for differences between treatment means were expressed as probabilities of significance. Exceptions were made where differences were obviously significant without statistical verification.
RESULTS

GERMINATION OF LETTUCE SEED:
The germination percentage of certain lots of Grand Rapids lettuce seed in the dark ranged from 21 to 23 %. There was a progressive increase in seed germination, approaching 100 %, with increases in either durations of light exposure or molar concentrations of gibberellin (table I) . The percent germination of lettuce seed was strongly inhibited by 2-chloroethyl trimethylammonium chloride and related compounds. Adding allyl trimethylammonium chloride caused a marked reduction in germination as concentrations were increased from 10-3 to 2 X 10-2 i%i. This compound also antagonized the stimulation of germination by both red light and gibberellin. Reversal of the red light response was greater than for that induced by gibberellin. Concentrations of 10-4 M, or less, of GROWTH OF DWARF PLANTS: Vegetative extension in dwarf as well as tall varieties of plants was reduced following treatment with 2-chloroethyl trimethylammonium chloride and related compounds. Genetic dwarfism was accentuated. This was illustrated by the length of the second leaf sheath of mutant dwarf-I maize (table III) . Growth suppression was proportional to concentration. The expected extension of the leaf sheath occurred with gibberellin. When the two chemicals were combined, the response to gibberellin was not significantly altered. The results on corn dwarfs were not conclusive in demonstrating an antagonism between the two chemicals. There was, however, evidence in test II of growth promotion from 2-bromoethyl trimethylammonium bromide in combination with 10-4 to 10-5 M gibberellin.
GROWTH IN LIGHT AND DARK: Initial observations of plant response to 2-chloroethyl trimethylammonium chloride revealed that growth was suppressed over a wide range of light intensities. Vegetative extension in tomato seedlings after applying a 10-3 M soil drench, was reduced by approximately the same percentage when exposed 12 hours daily to 500, 1,500, and 3,000 ft-c of illuminance. In subsequent studies no growth suppression was observed from 10-3 M solutions applied as a soil drench to wheat, squash, bean, and pea seedlings grown in the dark. Vegetative extension was, however, greatly reduced by similar treatment of the same species grown in the light. Results from studies when higher concentrations of the 2-chloroethyl trimethylammonium chloride There appear to be two parameters typical of the effects of these compounds on stem elongation in light and dark. In the light, low concentrations (10-4 to 10-6 M) reduced vegetative extension of a sensitive plant such as wheat, but there was no effect in the dark. Higher concentrations (10-2 and 10-3 M) were moderately effective in the dark on all planits tested. The response in the light was manifested by shortened internodes while in the dark the suppression was on hypocotyl elongation. Even in the light, hypocotyl retardation required high concentrations of these chemicals. The response of plants to these chemicals was not an obligated light or dark phenomenon, and varied with plant species. This has also been demonstrated for gibberellin (8) . GROWTH OF TOMATO OVARIES: The relative biological activities of many chemical agents can be readily assessed by measuring their effects on tomato ovary development. A synergistic effect of auxin (IAA) and gibberellin was found for the stimulation of parthenocarpic fruit growth when IAA at 10-2 or 10-3 M was combined with a 10-6 M concentration of gibberellin. However, a higher concentration of gibberellin (10-5 M) was as effective by itself as in combination with IAA. This IAA-gibberellin synergism was first reported by Luckwill (10) and is confirmed by the data in table VI. 2-Chloroethyl trimethylammonium chloride used alone had no measurable effect on the growth of nonpollinated tomato ovaries. Similarly, in combination with either gibberellin or IAA there was no consistent response pattern. However, 10-2, 10-3, or 10-4 M solutions of 2-chloroethyl trimethylammonium chloride in combination with both 10-3 M IAA and 10-5 M gibberellin, markedly accelerated ovary growth. This growth was significantly greater than that for any IAA-gibberellin combination or for 4-chlorophenoxyacetic acid at 10-4 M. The same concentrations of 2-chloroethyl trimethylammonium chloride used in combination with 10-2 M IAA and 10-5 M gibberellin caused marked enlargements of the receptacle and peduncle. Ovaries and adjacent tissues appeared as if treated with an excessive application of growth substance. These data suggest that in addition to IAA and gibberellin, possibly a third factor may be involved in the initial stimulus of fruit growth. DISCUSSION Visual observations of a wide variety of plant responses relative to the effects of 2-chloroethyl trimethylammonium chloride and gibberellin used singly, in combination, or alternately, suggest that the growth of the plant is controlled by the combined action of 
